The protean outlines of the wall in coral-eating barnacles often defy description largely because no two individuals of the same species having settled on the same host coral assume the same outline and overall shape NEWMAN, 1969, 1995) . Indeed, the actual and potential spectrum of such complex forms likely exceeds the ability to develop a morphometric analysis of them (SPIVEY, 1988; MCGHEE, 1998) . Despite this iniquitous problem, five genera encompassing nine species are presently included in the tribe Hoekiini NEWMAN, 1995, 1999) , and in all likelihood there are many more species.
One characteristic feature of coral-eating barnacles is a wall that undergoes transformation from a frustrum of an ellipsoid cone (SPIVEY, 1988) in the juvenile, to an adult having an amoeboid outline with a hypertrophied margin of the inner lamina, which comes in broad and intimate contact with the tissues of the host. The cirri or thoracopods, characteristic of free-living sessile cirripeds, where known, are aberrant or vestigial thereby indicating the species now comprising the Hoekiini have given up planktotrophy and subsist on the soft tissues of the host (ROSS and NEWMAN, 1969) , and possibly as absorptive parasites as well (ROSS and NEWMAN, 1995) .
The Indo-West Pacific coral fauna apparently harbors a far greater diversity and number of coraleating barnacles than previously believed, all of which have rather narrow or limited ranges NEWMAN, 1995, 2000b; ASAMI and YAMAGUCHI, 1997) . The present study encompasses three species, two of which are new. Equally important, however, these provide insights to the structural morphology of the wall and also suggest other potentially existent morphologies.
The specimens described herein, all of which were recovered from dried corals, were collected in the late 1800's or early 1900's. This was a time when collectors were not concerned about precise locality data inasmuch as the corals were ultimately destined for display in the 'curio cabinets' to be found in homes of this period. Most often it was sufficient to merely indicate the coral came from the East Indies or the Philippine Archipelago, which is reflected in the locality information below.
Systematics
Family Pyrgomatidae GRAY, 1825 Subfamily Pyrgomatinae GRAY, 1825 (nom. transl. ROSS and NEWMAN, 1973 [ex Pyrgomatidae GRAY, 1825]) Tribe Hoekiini NEWMAN, 1995 Hoekiini ROSS and NEWMAN, 1995: 133. Type genus: Hoekia ROSS and NEWMAN, 1973 , by original designation.
Remarks: ROSS and NEWMAN (1973) listed only one species of Hoekia in their revision of the coralinhabiting barnacles. It subsequently became apparent that widely separated populations had different life-history strategies involving disparate grades of shell construction, but these populations were relatively small when compared with other symbiotic pyrgomatids. They later established the tribe Hoekiini solely for these pyrgomatines, all of which have a hypertrophied margin of the inner lamina of the wall, reduced and aberrant thoracopods lacking spinules on the anterior three or four pairs and greatly modified mouth appendages (ROSS and NEWMAN, 1995) . In many respects the morphology of the trophi and thoracopods parallels that of the pedunculate microlepadids (GRYGIER and NEWMAN, 1991) , but the latter possess an anal opening, which is apparently lacking in the Hoekiini.
A phylogenetic analysis of the currently recognized genera was presented by ROSS and NEWMAN (1995) . The present specimens do not provide additional details that would substantially modify their findings. There are two informally recognized groups within this tribe. The first, or plesiomorphic alacunates (3 species), are known only from the Red Sea and New Caledonia. The second, or derived lacunates (6 species), range from Japan to Australia and east to Mauritius NEWMAN, 1995, 2000b; ASAMI and YAMAGUCHI, 1997) . The present collections consist of only the latter.
Genus Hoekia NEWMAN, 1973 Hoekia ROSS and NEWMAN, 1973: 161; NEWMAN and ROSS, 1976: 58; ROSS and NEWMAN, 1995: 140. Type species: Pyrgoma monticulariae Gray, 1831; by original designation (ROSS and NEWMAN, 1973: Hydnophora exesa (Pallas).
Remarks: Three species are presently included in this genus (H. monticulariae, H. fornix and H. mortenseni), each from a different locality, including Singapore, Indonesia (Obilatu Island) and Mauritius (ROSS and NEWMAN, 1995 ROSS and NEWMAN, 1973: 162, in part, fig. 18 right, fig. 19 top; NEWMAN and ROSS, 1976: 58; OGAWA and MATSUZAKI, 1992: 89; ANDERSON, 1992: 337; ROSS and NEWMAN, 1995: 140, figs. 9, 10, 15, 17. Description (supplementary) : Wall moderately thin, white, opaque, delicate in appearance, growth ridges barely perceptible; orifice ovate, subapical on rostral slope; peritreme long, broad, closer to carinal than to rostral end of wall; carinal ridge tall, slightly higher than orifice, broad, terminating gradually, not extending to margin of outer lamina; inner lamina exceeding perimeter of outer lamina; slight separation between outer and inner laminae; marginal fringe of inner lamina same as or slightly higher than outer lamina; inner surface of wall roughened, chalky; sheath 1/3 to 1/2 height of conical portion of wall; lacunae circular, ovate to irregular in outline, somewhat symmetrically arrayed.
Material: American Museum of Natural History (AMNH) Crust. 17934, Recent, Singapore; on H. exesa; 1 wall plate, 5 bases (ex AMNH Cnidaria 1883); collector and date unknown; John H. Barnhart leg.
Remarks: There are several references to what purports to be this species. However, many of these likely represent either subsequently described or undescribed species (e.g., ANNANDALE, 1924) and therefore the above synonymy includes only those that reliably reflect the species in question. It should be noted that at the time, ROSS and NEWMAN (1969) were unaware there was more than one species of Hoekia. As a result they illustrated the wall of this species (cf. ROSS and NEWMAN, 1969, fig. 1A and Fig. 1A herein) , but the trophi and thoracopods of what was later to be described as H. mortenseni ROSS and NEWMAN from north of Mauritius.
GRAY (1831) did not illustrate the specimens he described from the "Indian Ocean." Although SOW-ERBY (1846) illustrated two different specimens he did not provide locality information for either of them. DARWIN (1854) subsequently examined the specimens in the British Museum, including those described but not illustrated by Gray, citing the "Archip. Indico orient." (1854 : 622), but specifically "Singapore" (1854: 372), as their provenance. Noteworthy, Darwin illustrated three different individuals, none of which agrees with the illustrations by Sowerby, but failed to indicate whether all were from the same locality, or even from the same species or specimen of coral, although he noted one or more were on "Monticularia."
Inasmuch as Gray only provided general locality information, and the Hugh Cuming collection was cited by Darwin, the exact provenance of all these specimens, in good part, remains questionable (PILSBRY, 1916; DANCE, 1966) . Nonethless, ROSS and NEWMAN (1973) cited the type locality as Singapore and the host as H. exesa.
Hoekia philippensis n. sp. Figures 2, 5B
Diagnosis: Peritreme small; carinal ridge narrow, short, terminating abruptly; lobes of marginal fringe developing independently of outer lamina.
Description: Wall white, lacunate, thin, delicate in appearance; growth ridges barely perceptible, simple; peritreme prominent, commonly closer to carinal than to rostral end of wall; orifice ovate, subapical on rostral slope of wall; carinal ridge tall, same as or slightly lower than orifice, narrow, short, not extending to margin of inner lamina, terminating abruptly; outer lamina slightly thickened and slightly ascendent in different sectors; inner lamina slightly translucent, greatly exceeding perimeter of outer lamina; pronounced separation between laminae lacking; marginal fringe of inner lamina as high or slightly higher than outer lamina, variable; sheath 1/3 to 1/2 height of conical portion of wall; inner surface of wall Remarks: In most specimens the lacunae are far more numerous and more symmetrically disposed around the wall than in either of the other species of Ahoekia (Fig. 3D ). More surprising, however, is the presence of a fully open or partially floored channel leading from the carinal ridge cavity to the posterior margin of the wall. This feature is unknown in other species of this or other genera. In A. tanabensis this cavity is filled secondarily whereas the condition in A. chuangi remains unknown.
The ratio of the rostro-carinal diameter to that of the orifice is approximately 40:1 in A. microtrema. This is significantly smaller than in A. tanabensis (25:1) or A. chuangi (18:1) given their comparable size (ROSS and NEWMAN, 1995) . In addition, this new species has a far more diffuse marginal fringe, essentially circular peritreme and a carinal ridge that is both longer and broader than found in the previously described species.
Discussion
The lacunate Hoekiini develop a labyrinthine maze of verrucose trabeculae that form the distal margin of the inner (lower) lamina, and which extends laterally well beyond, and can range from slightly to greatly higher than the outer (upper) lamina. This unusual structural feature is unknown in any other sessile barnacles. Nonetheless, the marginal fringe is but only one part of an elaborate and complex nexus between the internal and external surfaces of the wall and the cavity within the carinal ridge. Simply, all of these structures accommodate various components of the circulatory system. Furthermore, the numerous passageways and channels within and surrounding the wall of the adult potentially separate afferent and efferent circulation between the body and the tissue covering this peripheral marginal fringe (ROSS and NEWMAN, 1995) .
In many sponge-inhabiting and coral-inhabiting archaeobalanines mediation of the growth relationship transpires through the investing membranes at the interface between the wall and basis (ROSS and NEWMAN, 1973 , 1995 , 2000a , 2000b KOLBASOV, 1993; ILAN et al., 1999; cf. MOYSE, 1971) . Therefore, it is not unexpected that mediation of the relationship between these parasites and their hosts occurs at the same site. In pyrgomatines the apertural frill, where known, seemingly serves to chemically or physically mediate overgrowth of the orifice (ANDERSON, 1992), but further studies on this point are in order.
The lacuno-circumferential system ROSS and NEWMAN (1995) described the various components comprising the shell and their multiple functions. All of these structures have taxonomic value, but more importantly they help explain the functional morphology of these parasites. The new species described above materially enhance what is currently known about these structures.
Carinal ridge: Upon completion of metamorphosis to the juvenile stage, the carinal ridge develops simul- taneously with the rest of the wall. This ridge extends from a position slightly distal to the carinal border of the orifice and terminates at or near the posterior margin of the wall. Early in ontogeny it may continue to elongate concomitant with lateral growth, or it may cease to elongate thereby terminating at, or some distance from, the posterior margin of the wall. Due to anisometric growth, the ridge and contained cavity develop first because the lacuno-circumferential circulatory system of the adult relies on the presence of subsequently formed passageways through the calcareous wall. In consideration of this, it follows that development of such pasageways must await calcification of the antecedent chitinous wall, commencing some 2-3 days after settlement (UTINOMI, 1943; GLENNER and HOEG, 1993) and the initiation of lateral growth. Why the carinal ridge cavity develops at the posterior end of the wall is not entirely clear, although it may relate to the path taken by circulation of the hemolymph (ROSS and NEWMAN, 1995; cf. BURNETT, 1977) , or possibly to space constraints elsewhere within the wall of the juvenile. Size, prominence and extent of the carinal ridge varies dramatically between and within species. In some individuals of H. monticulariae, for example, there is a diminutive or nondescript ridge whereas in others it is prominent and this is apparent in the present specimen (Fig. 1A) . Not only the short length, but abrupt termination of the ridge in H. philippensis, distal to the carinal margin, is unparalleled in Hoekia (cf. Fig. 1B and 2C) , and I am unable to offer an explanation for this. The more prominent and discrete ridge in species of Ahoekia enlarges only slightly with growth and it is well removed from the carinal margin of the wall (ROSS and NEWMAN, 1995) .
In all previously known lacunate forms the sinus within the ridge of the adult has a floor and therefore it is effectively isolated from the mantle cavity or body chamber (cf. Fig. 2B and 4) . Because the wall is initially monolamellar it is the secondary development of an inner lamina that creates the floor or basal seal to the carinal cavity. Previous studies indicated the sinus may be abandoned and, not uncommonly, partly or completely filled secondarily with calcareous or other material and hence no longer functional (ROSS and NEWMAN, 1995) . This is the common condition in known lacunates. However, its function is apparently translocated in these during development or completion of the definitive marginal fringe, whereupon it is subsequently effected through passageways in the wall. What is surprising is that in A. microtrema the cavity and its connection to the posterior margin of the wall is open, or in some it has only a partially complete floor (Fig. 4B) , whereas a complete floor is common to all other lacunate forms. This is the only known species in which the carinal chamber remains open, thus suggesting in theory, unlike A. tanabensis, the tissue within the carinal sinus maintains its original function. This would suggest that potentially there are, or may be, other species in this or other genera with a similar morphology.
Lacunae: DARWIN (1854: 373) was first to recognize that "Internally... the walls are... perforated by many quite irregular, small orifices." But, he paid no attention to the carinal ridge, and failed to deduce the function of these "small orifices," although he did note they admit threads of tissue "... into certain irregular pores which penetrate the shell." Darwin's observations were exceptionally perceptive and beyond what was known at the time, but he did not trace the major passageways in the wall and for this reason perhaps did not speculate on their function.
The "orifices" or pits on the inner surface of the wall open into a small bore lumen, at least large enough to accommodate an eye lash or a cat's whisker (Fig. 4A) . When illuminated from below (candled) it can be seen the lumena extend laterally, commonly tending to branch upon nearing the margin of the wall, with the branches terminating at the circumferential channel or in the surface of the marginal fringe (Fig. 3C, 5) .
Although there is a general plan for different genera, when it comes to any known species there is no consistent pattern to the spatial distribution of lacunal openings from one individual to the next. In the previously described species of Ahoekia the openings commonly tend to be aligned laterally, parallel to the rostro-carinal axis, whereas in Hoekia they commonly tend to have a more radial symmetry. Also, the lacunae have no consistent size, shape or proximity to one another. However, there is invariably one primary lacuna, and associated lumen, at the carinal end of the wall that leads to the cavity within the carinal ridge and from there to the marginal fringe. The lacunae develop shortly after the onset of calcification somewhat distal to the conical portion of the wall (ROSS and NEWMAN, 1995) . The locational marker for this is best seen on the internal surface of the wall in the area where it undergoes a dramatic change in shape from conical to essentially flat.
In some specimens of A. microtrema there are a far greater number of discrete, closely-spaced, symmetrically arrayed lacunae (Fig. 3D ) than have been observed in either of the previously described species of Ahoekia. In the latter, however, the lacunae often occur as a few small scattered and two or three large, lateral, elongate openings rather than numerous smaller ones. Whether a few large or numerous small lacunae is a more efficient means of accessing the marginal fringe remains unknown. The presence of numerous small openings seemingly suggests a distinct partitioning of passageways to and from the marginal fringe.
Marginal fringe: The marginal fringe is a prolongation of the inner lamina extending beyond the margin of the outer lamina, which it not infrequently exceeds in height. The definitive architecture is a labyrinthine or intricate array of verrucose trabeculae (Fig. 5) . This is apparently a way for the least amount of calcareous material, or ratio of void to solid, to provide the greatest amount of surface area for tissue coverage without compromising integrity or function. On theoretical grounds strength plays little or no role in whether the fringe is diffuse (open) or compact (dense) inasmuch as the wall is not subject to mechanical compression or tension, but rather it is suspended by the uncalcified tissue surrounding the apical portion of the basis (ROSS and NEWMAN, 1995) . The fully differentiated outline and height of the fringe is attained only upon coming into proximity with the hydnons of the coral that surround the wall. There is no time reference for this to occur, but based on other sessile barnacles it may be between a few weeks or even months.
There is a narrow seam separating the outer lamina from the marginal fringe, with the former projecting over and partially covering a circumferential channel in the proximal apical surface of the inner lamina. As noted, the lumena open into this circumferential channel in Hoekia and Australhoekia ROSS and NEWMAN, whereas the lumena only open directly in the marginal fringe in Ahoekia and these are usually found at the extremities or tips of the lobes of the fringe (Fig. 3C) . Because of the shortness or thinness of the marginal fringe in Hoekia and Australhoekia the lumena do not open directly into it, a previously unrecognized feature further distinguishing these two genera from Ahoekia.
Fringe width varies around the periphery of the wall. It closely parallels the margin of the outer lamina in Australhoekia, although in Hoekia it not uncommonly extends a short distance from the margin where the lobes of the wall develop (Fig. 1A) . The fringe in H. philippensis differs because it does not consistently parallel the outer lamina, i.e., lobes develop at various positions independently of the outer lamina (cf. Fig. 1A and 2A) , similar to the condition in Eohoekia chaos ROSS and NEWMAN. This suggests an adaptation allowing development of a significant surface area to mediate the relationship with its host more so than if the fringe were to remain narrow and strictly parallel to the outer lamina. This condition is not evident in any of the previously described species of Hoekia.
Little attention has been paid to fringe height other than to note that it varies considerably between genera. From a consideration of the known species the dichotomy in fringe height reflects an adaptation for maximizing the surface area occupied by tissue in contact with the host. For example, given a similar wall size, a tall, narrow and dense fringe, in comparison to a short, wide, open fringe likely contains a comparable surface area (Fig. 5) . The height to width ratio, concomitant with the ratio of void to solid, is apparently a structural compromise and does not suggest there are significant or potentially greater degrees of tissue coverage and hence contact with the tissue of the host coral.
Feeding and nutrition
Given the presence of vestigial or aberrant thoracopods, the absence of an anal opening, and the presence of a marginal fringe and associated lacunal system, ROSS and NEWMAN (1995) concluded the Hoekiini are potentially absorptive parasites. Nonetheless, they did not discount the possibility these parasites derive some nutrition directly from the coelenteron of the host. The highly modified mouth appendages suggested that access to the external milieu is requisite for reproductive and certain other activities, and is accomplished by triturating the overlying soft tissues of the host that cover the orifice.
In discussing the feeding regimen within the Hoekiini, ROSS and NEWMAN (1995) noted a somewhat parallel situation exists in the feeding activities of a mytilid and monostomatous fungiid corals occurring in waters of the Red Sea. This obligatory symbiotic mytilid feeds directly on particulate matter derived from the coelenteron of the host (GOREAU et al., 1970) . Stenoglossan corallivorous gastropods also offer another parallel (ROBERTSON, 1970) . These are food directly from the coelenteron of the host (HAYES, 1990; OREN et al., 1998) . However, the Hoekiini, based on the preponderance of nematocysts in a gut content analysis (ROSS and NEWMAN, 1969) , apparently consume coral tissue that is harvested from the area directly above the orifice. PEARSE and MUSCATINE (1971) were first to suggest that in branching corals organic compounds, primarily in the form of lipids, glycerol and glucose, are intracolonially translocated towards, and concentrated in, regions of maximal demand, i.e., from the lower portions (source) of the coral colony towards the actively growing extremities. They referred to these as sink sites or energy sinks. OREN et al. (1997) subsequently recorded an orientated intracolonial translocation of 14C-labelled photosynthates towards regenerating tissue lesions on the surface of massive corals.
Feeding aggregations of corallivorous gastropods, often causing greatly swollen, pink, tissue lesions, promote the development of energy sink sites (OREN et al., 1998) . Although the Hoekiini may initially prove to be a minor irritant, within a short time they attain a wall size comparable to the lesion sites created by aggregates of feeding gastropods. Although it was suggested these barnacles may be absorptive parasites, the pronounced development of tall slender trophi furnished with variously developed single or multicuspid acute teeth (mandible) and simple acicular spines (maxilla I) points to a diet consisting largely of soft coral tissue. Repetitive feeding on this overlying tissue likely creates lesion sites which are the locus for energy sinks that are fueled to regenerate the tissue consumed by the barnacle.
